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(54) CAMERA ADJUSTMENT SYSTEM

(57) A camera adjustment system (10) includes a
camera (16), an actuator (26), an inertial-measure-
ment-unit (28), and one or more controller-circuits (32).
The camera (16) renders an image (18) of lane-markings
(20) of a roadway (22) traveled by a host-vehicle (12).
The actuator (26) is operable for controlling an aim-di-
rection (14) of the camera (16). The inertial-measure-
ment-unit (28) detects relative-movement (30) of the
host-vehicle (12). The one or more controller-circuits (32)
are in communication with the camera (16), the actuator
(26), and the inertial-measurement-unit (28). The one or
more controller-circuits (32) determine whether a
range-of-detection (38) of the lane-markings (20) in the
image (18) is less than a detection-threshold (40) and
adjust the aim-direction (14) based on the relative-move-
ment (30).
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Pro-
visional Patent Application No. 62/690,488, filed June
27, 2018, the entire disclosure of which is hereby incor-
porated herein by reference. This application also claims
the benefit of U.S. Patent Application No. 16/021,686,
filed June 28, 2018, the entire disclosure of which is here-
by incorporated herein by reference.

TECHNICAL FIELD

[0002] This disclosure relates to a camera adjustment
system that changes an aim-direction of a camera.

BACKGROUND

[0003] Vision systems are used to detect lane mark-
ings for advanced driver assistance systems (ADAS). In
some circumstances, a range of detection of the lane
markings is reduced.

SUMMARY OF THE DISCLOSURE

[0004] The present disclosure proposes to solve the
above mentioned problem by providing a camera adjust-
ment system including a camera, an actuator, an inertial-
measurement-unit (IMU), and one or more controller-cir-
cuits. The camera renders an image of lane-markings of
a roadway traveled by a host-vehicle. The actuator is
operable for controlling an aim-direction of the camera.
The IMU detects relative-movement of the host-vehicle.
The one or more controller-circuits are in communication
with the camera, the actuator, and the IMU. The one or
more controller-circuits determine whether a range-of-
detection of the lane-markings in the image is less than
a detection-threshold. In accordance with the determina-
tion that the range-of-detection is less than the detection-
threshold, the one or more controller-circuits adjust the
aim-direction of the camera based on the relative-move-
ment.

[0005] According to other advantageous features of
the present disclosure:

- the one or more controller-circuits adjusts the aim-
direction based on a vehicle-yaw detected by the
inertial-measurement-unit;

- the one or more controller-circuits recalibrates cam-
era-settings based on the aim-direction;

- the one or more controller-circuits adjusts the aim-
direction until the range-of-detection is greater than
the detection-threshold;

- the system further includes an image-magnification
feature, and the one or more controller-circuits in-
creases a magnification of the image thereby in-
creasing the range-of-detection.
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[0006] The present disclosure also proposes to solve
the above mentioned problem by providing a camera ad-
justment system including a camera, an actuator, and
one or more controller-circuits. The camera renders an
image of lane-markings of a roadway traveled by a host-
vehicle. The actuator is operable for controlling an aim-
direction of the camera. The one or more controller-cir-
cuits are in communication with the camera and the ac-
tuator. The one or more controller-circuits determining
whether a range-of-detection of the lane-markings in the
image is less than a detection-threshold. In accordance
with the determination that the range-of-detection is less
than the detection-threshold, the one or more controller-
circuits adjust the aim-direction based on the lane-mark-
ings.

[0007] According to other advantageous features of
the present disclosure:

- the one or more controller-circuits adjusts the aim-
direction based on a radius-of-curvature of lane-
markings;

- the one or more controller-circuits recalibrates cam-
era-settings based on the aim-direction;

- the one or more controller-circuits adjusts the aim-
direction until the range-of-detection is greater than
the detection-threshold;

- the system further includes an image-magnification
feature, and the one or more controller-circuits in-
creases a magnification of the image thereby in-
creasing the range-of-detection.

[0008] The present disclosure also proposes to solve
the above mentioned problem by providing a camera ad-
justment system including a camera, an actuator, and
one or more controller-circuits. The camera renders an
image of lane-markings of a roadway traveled by a host-
vehicle. The actuator is operable for controlling an aim-
direction of the camera. The one or more controller-cir-
cuits are in communication with the camera and the ac-
tuator. The one or more controller-circuits determine a
region-of-interest within the image indicative of a future-
path of the host-vehicle. The one or more controller-cir-
cuits determine whether a range-of-detection of the lane-
markings in the image is less than a detection-threshold.
In accordance with the determination that the range-of-
detection is less than the detection-threshold, the one or
more controller-circuits adjust the aim-direction based on
the region-of-interest.

[0009] According to other advantageous features of
the present disclosure:

- the one or more controller-circuits recalibrates cam-
era-settings based on the aim-direction;

- the one or more controller-circuits adjusts the aim-
direction until the range-of-detection is greater than
the detection-threshold;

- the system further includes an image-magnification
feature, and the one or more controller-circuits in-
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creases a magnification of the image thereby in-
creasing the range-of-detection.

of operating a camera adjustment system, the method
including the steps of:

[0010] The presentinvention also proposes a method
of adjusting a camera, the method including the steps of: 5

a) rendering an image, with a camera, of lane-mark-
ings of a roadway traveled by a host-vehicle;

b) determining, with one or more controller-circuits
a) rendering an image, with a camera, of lane-mark- in communication with the camera and an actuator:
ings of a roadway traveled by a host-vehicle;

b) detecting relative-movement of the host-vehicle
with an inertial-measurement-unit; 10
c) determining, with one or more controller-circuits

in communication with the camera, an actuator, and

a region-of-interest within the image indicative
of a future-path of the host-vehicle;

whether a range-of-detection of the lane-markings

[0014]

the inertial-measurement-unit, whether a range-of-
detection of the lane-markings in the image is less

greater than the detection-threshold.

The present invention also proposes a method

in the image is less than a detection-threshold; and
in accordance with the determination that the range-

than a detection-threshold; and 15 of-detection is less than the detection-threshold;
in accordance with the determination that the range- adjusting the aim-direction with the actuator based
of-detection is less than the detection-threshold; on the region-of-interest.
d) adjusting the aim-direction with the actuator based
on the relative-movement. [0015] Preferably the method further comprises the
20 step of:
[0011] Preferably the method further comprises the
step of: c) recalibrating camera-settings based on the aim-
direction with the one or more controller-circuits;
e) recalibrating camera-settings based on the aim- d) adjusting the aim-direction, with the one or more
direction with the one or more controller-circuits 25 controller-circuits, until the range-of-detection is
greater than the detection-threshold.
f) adjusting the aim-direction, with the one or more
controller-circuits, until the range-of-detection is BRIEF DESCRIPTION OF DRAWINGS
greater than the detection-threshold.
30 [0016] The presentinvention will now be described, by
[0012] The present invention also proposes a method way of example with reference to the accompanying
of operating a camera adjustment system, the method drawings, in which:
including the steps of:
Fig. 1 is an illustration of a camera adjustment sys-
a) rendering an image, with a camera, of lane-mark- 35 tem in accordance with one embodiment;
ings of a roadway traveled by a host-vehicle; Fig. 2 is an illustration of a host-vehicle equipped
b) determining, with one or more controller-circuits with the camera adjustment system of Fig. 1 in ac-
in communication with the camera and an actuator: cordance with one embodiment;
Fig. 3 is an illustration of the host-vehicle of Fig. 2 in
whether a range-of-detection of the lane-mark- 40 accordance with one embodiment;
ingsin the image is less than a detection-thresh- Fig. 4 is an illustration of a camera adjustment sys-
old; and tem in accordance with another embodiment;
in accordance with the determination that the Fig. 5 is an illustration of a host-vehicle equipped
range-of-detection is less than the detection- with the camera adjustment system of Fig. 4 in ac-
threshold; 45 cordance with another embodiment;
adjusting the aim-direction with the actuator Fig. 6 is an illustration of the host-vehicle of Fig. 4 in
based on the lane-markings. accordance with another embodiment;
Fig. 7 is an illustration of a camera adjustment sys-
[0013] Preferably the method further comprises the tem in accordance with yet another embodiment;
step of: 50 Fig. 8isanillustration ofanimage from a host-vehicle
equipped with the camera adjustment system of Fig.
c) recalibrating camera-settings based on the aim- 7 in accordance with yet another embodiment;
direction with the one or more controller-circuits; Fig. 9 is an illustration of an image from the host-
d) adjusting the aim-direction, with the one or more vehicle of Fig. 8 in accordance with yet another em-
controller-circuits, until the range-of-detection is 55 bodiment;

Fig. 10 is a flowchart illustrating a method of operat-
ing the camera adjustment system of Fig. 1 in ac-
cordance with yet another embodiment;
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Fig. 11 is a flowchart illustrating a method of operat-
ing the camera adjustment system of Fig. 4 in ac-
cordance with yet another embodiment; and

Fig. 12 is a flowchart illustrating a method of operat-
ing the camera adjustment system of Fig. 7 in ac-
cordance with yet another embodiment;

DETAILED DESCRIPTION

[0017] Reference will now be made in detail to embod-
iments, examples of which are illustrated in the accom-
panying drawings. In the following detailed description,
numerous specific details are set forth in order to provide
a thorough understanding of the various described em-
bodiments. However, it will be apparent to one of ordinary
skill in the art that the various described embodiments
may be practiced without these specific details. In other
instances, well-known methods, procedures, compo-
nents, circuits, and networks have not been described in
detail so as not to unnecessarily obscure aspects of the
embodiments.

[0018] Fig. 1 illustrates a camera adjustment system
10, hereafter referred to as the system 10, installed on a
host-vehicle 12. As will be described in more detail below,
the system 10 is an improvement on previous camera-
adjustment-systems because the system 10 adjusts an
aim-direction 14 of a camera 16, which may be beneficial
in automated lane-keeping and/or lane-centering safety
features that may be installed on the host-vehicle 12.
[0019] The system 10 includes the camera 16 that
renders an image 18 of lane-markings 20 of a roadway
22 traveled by the host-vehicle 12. The camera 16 may
be mounted on the front of the host-vehicle 12, or mount-
ed in the interior of the host-vehicle 12 at a location suit-
able for the camera 16 to view the area around the host-
vehicle 12 through the windshield of the host-vehicle 12.
The camera 16 is preferably a video type camera 16 or
camera 16 that can capture images of the roadway 22
and surrounding area at a sufficient frame-rate, of ten
frames per second, for example.

[0020] The image 18 may include, but is not limited to,
the lane-markings 20 on a left-side and right-side of a
travel-lane 24 of the roadway 22 traveled by the host-
vehicle 12. The image 18 may also include the lane-mark-
ings 20 on the left-side and the right-side of an adjacent-
lane to the travel-lane 24. The lane-markings 20 may
include a solid-line, as is typically used to indicate the
boundary of the travel-lane 24 of the roadway 22. The
lane-markings 20 may also include a dashed-line, as is
also typically used to indicate the boundary of a travel-
lane 24 of the roadway 22. The lane-markings 20 may
become non-existent or otherwise undetectable by the
camera 16 for a number of reasons such as, but not lim-
ited to, fading of the lane-marking-paint, erosion of the
road surface, snow or dirt on the roadway 22, precipita-
tionordirtonthe lens ofthe camera 16, operational failure
of the camera 16, other-vehicles or objects on the road-
way 22, saturation of an imager (not shown) of the cam-
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era 16 by a light-source, etc.

[0021] The system 10 also includes an actuator 26 op-
erable for controlling the aim-direction 14 of the camera
16 on all three axes (i.e. x, y, and z axes). The actuator
26 may be any actuator 26 suitable for controlling the
aim-direction 14, and may include one or more electric
stepper-motors and/or servo-motors. The actuator 26
may also include a linkage-assembly between the one
or more motors and the camera 16.

[0022] The system 10 also includes an inertial-meas-
urement-unit 28 (IMU 28) that detects relative-movement
30 of the host-vehicle 12. The relative-movement 30
measured by the IMU 28 may include the host-vehicle’s
12 current yaw-rate, longitudinal acceleration, lateral ac-
celeration, pitch rate, and roll rate. One example of the
several instances of the IMU 28 suitable for use on the
host-vehicle 12 that are commercially available is the
6DF-1N6-C2-HWL from Honeywell Sensing and Control,
Golden Valley, Minnesota, USA.

[0023] The system 10 also includes one or more con-
troller-circuits 32 in communication with the camera 16,
the actuator 26, and the IMU 28. The one or more con-
troller-circuits 32 may include a processor (not specifi-
cally shown) such as a microprocessor or other control
circuitry such as analog and/or digital control circuitry in-
cluding an application specific integrated circuit (ASIC)
for processing data as should be evident to those in the
art. The one or more controller-circuits 32 may include a
memory (not specifically shown), including non-volatile
memory, such as electrically erasable programmable
read-only-memory (EEPROM) for storing one or more
routines, thresholds, and captured data. The one or more
routines may be executed by the processor to perform
steps for controlling the aim-direction 14 based on signals
received from camera 16 and the IMU 28 by the one or
more controller-circuits 32 as described herein.

[0024] The one or more controller-circuits 32 are gen-
erally configured (e.g. programmed or hardwired) to de-
termine a centerline of the travel-lane 24 based on the
lane-markings 20 of the roadway 22 detected by the cam-
era 16. Thatis, the image 18 detected or captured by the
camera 16 is processed by the one or more controller-
circuits 32 using known techniques for image-analysis to
determine where along the roadway 22 the host-vehicle
12 should be operated or be steered. Vision processing
technologies, such as the EYE Q® platform from Mobli-
eye Vision Technologies, Ltd. of Jerusalem, Israel, or
other suitable devices may be used. By way of example,
the centerline is preferably in the middle of the travel-
lane 24 traveled by the host-vehicle 12.

[0025] Fig. 2 illustrates a scenario where the host-ve-
hicle 12 is equipped with the system 10 and is traveling
in the travel-lane 24 and the relative-movement 30 (e.g.
a vehicle-yaw 34) of the host-vehicle 12, as indicated by
an angle between a longitudinal-axis 36 of the host-ve-
hicle 12 and the direction of travel, is causing the camera
16 to point to the left of the travel-lane 24. The result is
a reduction in a range-of-detection 38 of the lane-mark-
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ings 20, specifically the right lane-marking 20 as it is out-
side the field-of-view of the camera 16 (i.e. the range-of-
detection 38 is zero meters). The one or more controller-
circuits 32 determine whether the range-of-detection 38
of the lane-markings 20 in the image 18 is less than a
detection-threshold 40. The range-of-detection 38, as
used herein, is a distance away from the host-vehicle 12
atwhich the system 10is able to detect the lane-markings
20 in order to determine a lane-width of the travel-lane
24. A larger range-of-detection 38 is beneficial, as the
one or more controller-circuits 32 may generate and up-
date a road-model (not specifically shown) using the
lane-markings 20 to assist in controlling the host-vehicle
12 in the travel-lane 24. The detection-threshold 40 may
be user defined and is preferably less than 50-meters.
[0026] In accordance with the determination that the
range-of-detection 38 is less than the detection-threshold
40, the one or more controller-circuits 32 adjusts the aim-
direction 14 of the camera 16 based on the relative-move-
ment 30 of the host-vehicle 12 detected by the IMU 28,
such that the image 18 of the right lane-marking 20 is
again detected beyond the detection-threshold 40, as il-
lustrated in Fig. 3. While the examples illustrated in Figs.
2-3 indicate relatively straight-sections of roadway 22, it
will be appreciated that the system 10 is also beneficial
on curved-sections of roadway 22, where the reduction
of the range-of-detection 38 of the lane-markings 20 may
be more pronounced with the relative-movement 30 of
the host-vehicle 12.

[0027] In one embodiment the one or more controller-
circuits 32 adjusts the aim-direction 14 based on the ve-
hicle-yaw 34 detected by the IMU 28. That is, the one or
more controller-circuits 32 moves the camera 16 an
equivalentamountto offset the vehicle-yaw 34. This may,
ormay notresultinthe range-of-detection 38 being great-
er than the detection-threshold 40 due to traffic and/or
road conditions.

[0028] In another embodiment, the one or more con-
troller-circuits 32 adjusts the aim-direction 14 until the
range-of-detection 38 is greater than the detection-
threshold 40. This involves an iterative process where
the one or more controller-circuits 32 adjusts the aim-
direction 14 an incremental amount and determines the
range-of-detection 38 and repeats the process until the
range-of-detection 38 is greater than the detection-
threshold 40. The adjustment of the aim-direction 14 may
be user defined, and preferably the one or more control-
ler-circuits 32 adjusts the aim-direction 14 in increments
of less than one-degree between the iterations of deter-
mining the range-of-detection 38. In addition, the one or
more controller-circuits 32 adjusts the aim-direction 14
at a rate of less than one-degree per 100-milliseconds,
which allows sufficient time for the one or more controller-
circuits 32 to determine whether the range-of-detection
38 is greater than the detection-threshold 40, and pro-
vides sufficient response-time for the system 10.
[0029] In another embodiment the one or more con-
troller-circuits 32 recalibrates camera-settings 42 based
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on the aim-direction 14. As will be appreciated by those
in the art, the camera-settings 42 may typically be cali-
brated in a vehicle assembly plant where the camera’s
16 extrinsic parameters that link the camera-position and
orientation to a calibration-plane (i.e. a rotation matrix
and translation vector) are calibrated to one or more sta-
tionary targets in the field of view of the camera 16. These
calibrations typically vary based on the aim-direction 14.
A plurality of calibration files may be stored in the memory
(e.g. alook-up table) of the one or more controller-circuits
32 for reference by the system 10 for each unique aim-
direction 14. In another embodiment, the calibrations
may be calculated for each aim-direction 14 based on an
initial calibration of polynomial parameters.

[0030] In another embodiment, the system 10 further
includes an image-magnification feature 44, and the one
or more controller-circuits 32 increases a magnification
oftheimage 18 thereby increasing the range-of-detection
38. In the example illustrated in Fig. 1, the image-mag-
nification feature 44 is included in the image-analysis
block of the one or more controller-circuits 32. In another
embodiment, the image-magnification feature 44 is in-
cluded in the camera 16, such as a zoom-feature of a
camera-lens.

[0031] Fig. 4 illustrates another embodiment of a cam-
era adjustment system 110, hereafter referred to as the
system 110, installed on a host-vehicle 112. The system
110 includes a camera 116 that renders an image 118
of lane-markings 120 of a roadway 122 traveled by the
host-vehicle 112. The camera 116 may be mounted on
the front of the host-vehicle 112, or mounted in the interior
of the host-vehicle 112 at a location suitable for the cam-
era 116 to view the area around the host-vehicle 112
through the windshield of the host-vehicle 112. The cam-
era 116 is preferably a video type camera 116 or camera
116 that can capture images of the roadway 122 and
surrounding area at a sufficient frame-rate, of ten frames
per second, for example.

[0032] The image 118 may include, but is not limited
to, the lane-markings 120 on a left-side and right-side of
atravel-lane 124 of the roadway 122 traveled by the host-
vehicle 112. The image 118 may also include the lane-
markings 120 on the left-side and the right-side of an
adjacent-lane to the travel-lane 124. The lane-markings
120 may include a solid-line, as is typically used to indi-
cate the boundary of the travel-lane 124 of the roadway
122. The lane-markings 120 may also include a dashed-
line, as is also typically used to indicate the boundary of
atravel-lane 124 of the roadway 122. The lane-markings
120 may become non-existent or otherwise undetectable
by the camera 116 for a number of reasons such as, but
not limited to, fading of the lane-marking-paint, erosion
of the road surface, snow or dirt on the roadway 122,
precipitation or dirt on the lens of the camera 116, oper-
ational failure of the camera 116, other-vehicles or ob-
jects on the roadway 122, saturation of an imager (not
shown) of the camera 116 by a light-source, etc.

[0033] The system 110 also includes an actuator 126
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operable for controlling the aim-direction 114 of the cam-
era 116 on all three axes (i.e. x, y, and z axes). The
actuator 126 may be any actuator 126 suitable for con-
trolling the aim-direction 114, and may include one or
more electric stepper-motors and/or servo-motors. The
actuator 126 may also include a linkage-assembly be-
tween the one or more motors and the camera 116.
[0034] The system 110 also includes one or more con-
troller-circuits 132 in communication with the camera 116
and the actuator 126. The one or more controller-circuits
132 may include a processor (not specifically shown)
such as a microprocessor or other control circuitry such
as analog and/or digital control circuitry including an ap-
plication specific integrated circuit (ASIC) for processing
data as should be evident to those in the art. The one or
more controller-circuits 132 may include a memory (not
specifically shown), including non-volatile memory, such
as electrically erasable programmable read-only-mem-
ory (EEPROM) for storing one or more routines, thresh-
olds, and captured data. The one or more routines may
be executed by the processor to perform steps for con-
trolling the aim-direction 114 based on signals received
from the camera 116 and the IMU 128 by the one or more
controller-circuits 132 as described herein.

[0035] The one or more controller-circuits 132 are gen-
erally configured (e.g. programmed or hardwired) to de-
termine a centerline of the travel-lane 124 based on the
lane-markings 120 of the roadway 122 detected by the
camera 116. That is, the image 118 detected or captured
by the camera 116 is processed by the one or more con-
troller-circuits 132 using known techniques for image-
analysis to determine where along the roadway 122 the
host-vehicle 112 should be operated or be steered. Vi-
sion processing technologies, such as the EYE Q® plat-
form from Moblieye Vision Technologies, Ltd. of Jerusa-
lem, Israel, or other suitable devices may be used. By
way of example, the centerline is preferably in the middle
of the travel-lane 124 traveled by the host-vehicle 112.
[0036] Fig. 5 illustrates a scenario where the host-ve-
hicle 112 equipped with the system 110 is traveling in
the travel-lane 124 and is approaching a curve in the
roadway 122. The system 110 determines a reduction in
arange-of-detection 138 of the lane-markings 120 as the
lane-markings 120 appear to converge at a point closer
to the host-vehicle 112 compared to that of a straight
section of roadway 122. The one or more controller-cir-
cuits 132 determine whether the range-of-detection 138
of the lane-markings 120 in the image 118 is less than a
detection-threshold 140. The range-of-detection 138, as
used herein, is a distance away from the host-vehicle
112 at which the system 110 is able to detect the lane-
markings 120 in order to determine a lane-width of the
travel-lane 124. A larger range-of-detection 138 is ben-
eficial, as the one or more controller-circuits 132 may
generate and update a road-model (not specifically
shown) using the lane-markings 120 to assist in control-
ling the host-vehicle 112 in a travel-lane 124. The detec-
tion-threshold 140 may be user defined and is preferably
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less than 50-meters.

[0037] In accordance with the determination that the
range-of-detection 138 is less than the detection-thresh-
old 140, the one or more controller-circuits 132 adjusts
the aim-direction 114 of the camera 116 based on the
lane-markings 120, as illustrated in Fig. 6. That is, the
one or more controller-circuits 132 determines that the
travel-lane 124 is curving to the right of the host-vehicle
112 in the direction of travel, based on the image 118 of
the lane-markings 120, and adjusts the aim-direction 114
to the right to increase the range-of-detection 138.
[0038] In one embodiment the one or more controller-
circuits 132 adjusts the aim-direction 114 based on a
radius-of-curvature 146 of lane-markings 120. That is,
the one or more controller-circuits 132 determines the
radius-of-curvature 146 of lane-markings 120 based on
a polynomial-fit of the image 118 of the lane-markings
120. The one or more controller-circuits 132 may use
either the left or right lane-markings 120 to determine the
radius-of-curvature 146.

[0039] In another embodiment, the one or more con-
troller-circuits 132 adjusts the aim-direction 114 until the
range-of-detection 138 is greater than the detection-
threshold 140. This involves an iterative process where
the one or more controller-circuits 132 adjusts the aim-
direction 114 an incremental amount and determines the
range-of-detection 138 and repeats the process until the
range-of-detection 138 is greater than the detection-
threshold 140. The adjustment of the aim-direction 114
may be user defined, and preferably the one or more
controller-circuits 132 adjusts the aim-direction 114 in
increments of less than one-degree between the itera-
tions of determining the range-of-detection 138. In addi-
tion, the one or more controller-circuits 132 adjusts the
aim-direction 114 at a rate of less than one-degree per
100-milliseconds, which allows sufficient time for the one
or more controller-circuits 132 to determine whether the
range-of-detection 138 is greater than the detection-
threshold 140, and provides sufficient response-time for
the system 110.

[0040] In another embodiment the one or more con-
troller-circuits 132 recalibrates camera-settings 142
based on the aim-direction 114. As will be appreciated
by those in the art, the camera-settings 142 may typically
be calibrated in a vehicle assembly plant where the cam-
era’s 116 extrinsic parameters that link the camera-po-
sition and orientation to a calibration-plane (i.e. a rotation
matrix and translation vector) are calibrated to one or
more stationary targets in the field of view of the camera
116. These calibrations typically vary based on the aim-
direction 114. A plurality of calibration files may be stored
in the memory (e.g. a look-up table) of the one or more
controller-circuits 132 for reference by the system 110
for each unique aim-direction 114. In another embodi-
ment, the calibrations may be calculated for each aim-
direction 114 based on an initial calibration of polynomial
parameters.

[0041] In another embodiment, the system 110 further
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includes an image-magnification feature 144, and the
one or more controller-circuits 132 increases a magnifi-
cation of the image 118 thereby increasing the range-of-
detection 138. In the example illustrated in Fig. 4, the
image-magnification feature 144 is included in the image-
analysis block of the one or more controller-circuits 132.
In another embodiment, the image-magnification feature
144 is included in the camera 116, such as a zoom-fea-
ture of a camera-lens.

[0042] Fig. 7 illustrates yet another embodiment of a
camera adjustment system 210, hereafter referred to as
the system 210, installed on a host-vehicle 212. The sys-
tem 210 includes a camera 216 that renders an image
218 of lane-markings 220 of a roadway 222 traveled by
the host-vehicle 212. The camera 216 may be mounted
on the front of the host-vehicle 212, or mounted in the
interior of the host-vehicle 212 at a location suitable for
the camera 216 to view the area around the host-vehicle
212 through the windshield of the host-vehicle 212. The
camera 216 is preferably a video type camera 216 or
camera 216 that can capture images of the roadway 222
and surrounding area at a sufficient frame-rate, of ten
frames per second, for example.

[0043] The image 218 may include, but is not limited
to, the lane-markings 220 on a left-side and right-side of
atravel-lane 224 of the roadway 222 traveled by the host-
vehicle 212. The image 218 may also include the lane-
markings 220 on the left-side and the right-side of an
adjacent-lane to the travel-lane 224. The lane-markings
220 may include a solid-line, as is typically used to indi-
cate the boundary of the travel-lane 224 of the roadway
222. The lane-markings 220 may also include a dashed-
line, as is also typically used to indicate the boundary of
atravel-lane 224 of the roadway 222. The lane-markings
220 may become non-existent or otherwise undetectable
by the camera 216 for a number of reasons such as, but
not limited to, fading of the lane-marking-paint, erosion
of the road surface, snow or dirt on the roadway 222,
precipitation or dirt on the lens of the camera 216, oper-
ational failure of the camera 216, other-vehicles or ob-
jects on the roadway 222, saturation of an imager (not
shown) of the camera 216 by a light-source, etc.

[0044] The system 210 also includes an actuator 226
operable for controlling the aim-direction 214 of the cam-
era 216 on all three axes (i.e. X, y, and z axes). The
actuator 226 may be any actuator 226 suitable for con-
trolling the aim-direction 214, and may include one or
more electric stepper-motors and/or servo-motors. The
actuator 226 may also include a linkage-assembly be-
tween the one or more motors and the camera 216.
[0045] The system 210 also includes one or more con-
troller-circuits 232 in communication with the camera 216
and the actuator 226. The one or more controller-circuits
232 may include a processor (not specifically shown)
such as a microprocessor or other control circuitry such
as analog and/or digital control circuitry including an ap-
plication specific integrated circuit (ASIC) for processing
data as should be evident to those in the art. The one or
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more controller-circuits 232 may include a memory (not
specifically shown), including non-volatile memory, such
as electrically erasable programmable read-only-mem-
ory (EEPROM) for storing one or more routines, thresh-
olds, and captured data. The one or more routines may
be executed by the processor to perform steps for con-
trolling the aim-direction 214 based on signals received
from the camera 216 and the IMU 228 by the one or more
controller-circuits 232 as described herein.

[0046] The one or more controller-circuits 232 are gen-
erally configured (e.g. programmed or hardwired) to de-
termine a centerline of the travel-lane 224 based on the
lane-markings 220 of the roadway 222 detected by the
camera 216. That is, the image 218 detected or captured
by the camera 216 is processed by the one or more con-
troller-circuits 232 using known techniques for image-
analysis to determine where along the roadway 222 the
host-vehicle 212 should be operated or be steered. Vi-
sion processing technologies, such as the EYE Q® plat-
form from Moblieye Vision Technologies, Ltd. of Jerusa-
lem, Israel, or other suitable devices may be used. By
way of example, the centerline is preferably in the middle
of the travel-lane 224 traveled by the host-vehicle 212.

[0047] Fig. 8 illustrates an image 218 the host-vehicle
212 equipped with the system 210 where the host-vehicle
212 s traveling in the travel-lane 224 and is approaching
an incline in the roadway 122 where the Sun (i.e. a bright
light-source) is poised on the horizon and positioned over
the roadway 222. The one or more controller-circuits 232
determines a region-of-interest 248 within the image 218
indicative of a future-path 250 of the host-vehicle 212
(i.e. the travel-lane 224 ahead of the host-vehicle 112).
[0048] The system 210 also determines a reduction in
arange-of-detection 238 of the lane-markings 220 as the
light from the Sun saturates the imager of the camera
216, as will be appreciated by those in the art. The one
or more controller-circuits 232 determine whether the
range-of-detection 238 of the lane-markings 220 in the
image 218 is less than a detection-threshold 240, as il-
lustrated in Fig. 8. The range-of-detection 238, as used
herein, is a distance away from the host-vehicle 212 at
which the system 210 is able to detect the lane-markings
220 in order to determine a lane-width of the travel-lane
224. A larger range-of-detection 238 is beneficial, as the
one or more controller-circuits 232 may generate and
update a road-model (not specifically shown) using the
lane-markings 220 to assistin controlling the host-vehicle
212 in a travel-lane 224. The detection-threshold 240
may be user defined and is preferably less than 50-me-
ters.

[0049] In accordance with the determination that the
range-of-detection 238 is less than the detection-thresh-
old 240, the one or more controller-circuits 232 adjusts
the aim-direction 214 of the camera 216 based on the
region-of-interest 248, as illustrated in Fig. 9. Thatis, the
one or more controller-circuits 232 adjusts the aim-direc-
tion 114 down toward the roadway 222 to increase the
range-of-detection 138, thereby removing the Sun from
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the field-of-view of the camera 216 and inhibiting the sat-
uration of the imager. While the example illustrated in
Figs. 8-9 are for a naturally occurring source of light, it
will be appreciated that system 210 is operational when
other sources of light affect the imager, such as head-
lights from oncoming traffic, or reflected-light from a wind-
shield of another-vehicle (e.g. glint).

[0050] In one embodiment, the one or more controller-
circuits 232 adjusts the aim-direction 214 until the range-
of-detection 238 is greater than the detection-threshold
240. This involves an iterative process where the one or
more controller-circuits 232 adjusts the aim-direction 214
an incremental amount and determines the range-of-de-
tection 238 and repeats the process until the range-of-
detection 238 is greater than the detection-threshold 240.
The adjustment of the aim-direction 214 may be user
defined, and preferably the one or more controller-circuits
232 adjusts the aim-direction 214 in increments of less
than one-degree between the iterations of determining
the range-of-detection 238. In addition, the one or more
controller-circuits 232 adjusts the aim-direction 214 at a
rate of less than one-degree per 100-milliseconds, which
allows sufficient time for the one or more controller-cir-
cuits 232 to determine whether the range-of-detection
238 is greater than the detection-threshold 240, and pro-
vides sufficient response-time for the system 210.
[0051] In another embodiment the one or more con-
troller-circuits 232 recalibrates camera-settings 242
based on the aim-direction 214. As will be appreciated
by those in the art, the camera-settings 242 may typically
be calibrated in a vehicle assembly plant where the cam-
era’s 216 extrinsic parameters that link the camera-po-
sition and orientation to a calibration-plane (i.e. a rotation
matrix and translation vector) are calibrated to one or
more stationary targets in the field of view of the camera
216. These calibrations typically vary based on the aim-
direction 214. A plurality of calibration files may be stored
in the memory (e.g. a look-up table) of the one or more
controller-circuits 232 for reference by the system 210
for each unique aim-direction 214. In another embodi-
ment, the calibrations may be calculated for each aim-
direction 214 based on an initial calibration of polynomial
parameters.

[0052] In another embodiment, the system 210 further
includes an image-magnification feature 244, and the
one or more controller-circuits 232 increases a magnifi-
cation of the image 218 thereby increasing the range-of-
detection 238. In the example illustrated in Fig. 7, the
image-magnification feature 244 is included in the image-
analysis block of the one or more controller-circuits 232.
In another embodiment, the image-magnification feature
244 is included in the camera 216, such as a zoom-fea-
ture of a camera-lens.

[0053] Fig. 10 is a flow chart illustrating yet another
embodiment a method 300 of operating a camera adjust-
ment system 10, hereafter referred to as the system 10.
[0054] Step 302, RENDER IMAGE, includes rendering
an image 18, with a camera 16, of lane-markings 20 of
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aroadway 22 traveled by a host-vehicle 12, as described
above.

[0055] Step 304, DETECT RELATIVE-MOVEMENT,
includes detecting relative-movement 30 of the host-ve-
hicle 12 with an inertial-measurement-unit 28 (IMU 28).
[0056] Step 306, DETERMINE RANGE-OF-DETEC-
TION, includes determining a range-of-detection 38 of
lane-markings 20 with one or more controller-circuits 32
in communication with the camera 16, an actuator 26,
and the IMU 28, as described above.

[0057] Step 308, COMPARE TO DETECTION-
THRESHOLD, includes determining, with one or more
controller-circuits 32, whether a range-of-detection 38 of
the lane-markings 20 in the image 18 is less than a de-
tection-threshold 40, as described above.

[0058] Step 310, ADJUST AIM-DIRECTION, includes
adjusting the aim-direction 14 based on the relative-
movement 30, with the actuator 26 as described above.
In one embodiment, the one or more controller-circuits
32 recalibrate camera-settings 42 based on the aim-di-
rection 14. In another embodiment the one or more con-
troller-circuits 32 adjust the aim-direction 14 until the
range-of-detection 38 is greater than the detection-
threshold 40.

[0059] Fig. 11 is a flow chart illustrating yet another
embodiment of a method 400 of operating a camera ad-
justment system 110, hereafter referred to as the system
110.

[0060] Step402, RENDER IMAGE, includes rendering
an image 118, with a camera 116, of lane-markings 120
of a roadway 122 traveled by a host-vehicle 112, as de-
scribed above.

[0061] Step 404, DETERMINE RANGE-OF-DETEC-
TION, includes determining a range-of-detection 138 of
lane-markings 120 with one or more controller-circuits
132 in communication with the camera 116, the actuator
126, and the IMU 128, as described above.

[0062] Step 406, COMPARE TO DETECTION-
THRESHOLD, includes determining, with one or more
controller-circuits 132, whether a range-of-detection 138
of the lane-markings 120 in the image 118 is less than a
detection-threshold 140, as described above.

[0063] Step 408, ADJUST AIM-DIRECTION, includes
adjusting the aim-direction 114 based on the lane-mark-
ings 120, with the actuator 126 as described above. In
one embodiment, the one or more controller-circuits 132
recalibrate camera-settings 142 based on the aim-direc-
tion 114. In another embodiment the one or more con-
troller-circuits 132 adjust the aim-direction 114 until the
range-of-detection 138 is greater than the detection-
threshold 140.

[0064] Fig. 12 is a flow chart illustrating yet another
embodiment of a method 500 of operating a camera ad-
justment system 210, hereafter referred to as the system
210.

[0065] Step502, RENDER IMAGE, includes rendering
an image 218, with a camera 216, of lane-markings 220
of a roadway 222 traveled by a host-vehicle 212, as de-
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scribed above.

[0066] Step 504, DETERMINE REGION-OF-INTER-
EST, includes determining a region-of-interest 248 within
the image 218 indicative of a future-path 250 of the host-
vehicle 212, with one or more controller-circuits 232 in
communication with the camera 216 and the actuator
226, as described above.

[0067] Step 506, DETERMINE RANGE-OF-DETEC-
TION, includes determining a range-of-detection 238 of
lane-markings 220 with one or more controller-circuits
232, as described above.

[0068] Step 508, COMPARE TO DETECTION-
THRESHOLD, includes determining, with the one or
more controller-circuits 232, whether a range-of-detec-
tion 238 of the lane-markings 220 in the image 218 is
less than a detection-threshold 240, as described above.
[0069] Step 510, ADJUST AIM-DIRECTION, includes
adjusting the aim-direction 214 based on region-of-inter-
est 248, with the actuator 226 as described above. In one
embodiment, the one or more controller-circuits 232 rec-
alibrate camera-settings 242 based on the aim-direction
214. In another embodiment the one or more controller-
circuits 232 adjust the aim-direction 214 until the range-
of-detection 238 is greater than the detection-threshold
240.

[0070] In yet another embodiment, a first device in-
cludes one or more processors, memory, and one or
more programs stored in memory, the one or more pro-
grams including instructions for performing any of the
above steps.

[0071] In yet another embodiment, a non-transitory
computer-readable storage-medium includes one or
more programs for execution by one or more processors
of a first device. The one or more programs include in-
structions which, when executed by the one or more proc-
essors, cause the first device to perform any of the above
steps.

[0072] Accordingly, a camera adjustment system 10
(the system 10), and a method 300 of operating the sys-
tem 10, are provided. The system 10 is an improvement
over other camera-adjustment-systems, because the
system 10 controls an aim-direction 14 of the camera 16
and improved the range-of-detection 38 of lane-markings
20.

[0073] While this invention has been described in
terms of the preferred embodiments thereof, it is not in-
tended to be so limited, but rather only to the extent set
forth in the claims that follow. "One or more" includes a
function being performed by one element, a function be-
ing performed by more than one element, e.g., in a dis-
tributed fashion, several functions being performed by
one element, several functions being performed by sev-
eral elements, or any combination of the above. It will
also be understood that, although the terms first, second,
etc. are, in some instances, used herein to describe var-
ious elements, these elements should not be limited by
these terms. These terms are only used to distinguish
one element from another. For example, a first contact
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could be termed a second contact, and, similarly, a sec-
ond contact could be termed a first contact, without de-
parting from the scope of the various described embod-
iments. The first contact and the second contact are both
contacts, but they are not the same contact. The termi-
nology used in the description of the various described
embodiments herein is for the purpose of describing par-
ticular embodiments only and is not intended to be limit-
ing. As used in the description of the various described
embodiments and the appended claims, the singular
forms"a", "an"and "the" are intended to include the plural
forms as well, unless the context clearly indicates other-
wise. It will also be understood that the term "and/or" as
used herein refers to and encompasses any and all pos-
sible combinations of one or more of the associated listed
items. It will be further understood that the terms "in-
cludes," "including," "comprises," and/or "comprising,"
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps,
operations, elements, components, and/or groups there-
of. As used herein, the term "if is, optionally, construed
to mean "when" or "upon" or "in response to
determining” or "in response to detecting," dependingon
the context. Similarly, the phrase "ifitis determined" or "if
[a stated condition or event] is detected" is, optionally,
construed to mean "upon determining" or "in response
to determining" or "upon detecting [the stated condition
or event]" or "in response to detecting [the stated condi-
tion or event]," depending on the context.

Claims

1. A camera adjustment system (10), the system (10)
comprising:

a camera (16), the camera (16) rendering an
image (18) of lane-markings (20) of a roadway
(22) traveled by a host-vehicle (12);

an actuator (26) operable for controlling an aim-
direction (14) of the camera (16);

an inertial-measurement-unit (28), the inertial-
measurement-unit(28) detecting relative-move-
ment (30) of the host-vehicle (12); and

one or more controller-circuits (32) in communi-
cation with the camera (16), the actuator (26),
and the inertial-measurement-unit (28);

the one or more controller-circuits (32) determin-
ing whether a range-of-detection (38) of the
lane-markings (20) in the image (18) is less than
a detection-threshold (40), and

in accordance with the determination that the
range-of-detection (38) is less than the detec-
tion-threshold (40), adjusting the aim-direction
(14) based on the relative-movement (30).
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The system (10) in accordance with claim 1, wherein
the one or more controller-circuits (32) adjusts the
aim-direction (14) based on a vehicle-yaw (34) de-
tected by the inertial-measurement-unit (28).

The system (10) in accordance with any one of the
preceding claims, wherein the one or more control-
ler-circuits (32) recalibrates camera-settings based
on the aim-direction (14).

The system (10) in accordance with any one of the
preceding claims, wherein the one or more control-
ler-circuits (32) adjusts the aim-direction (14) until
the range-of-detection (38) is greater than the de-
tection-threshold (40) .

The system (10) in accordance with any one of the
preceding claims, wherein the system (10) further
includes an image-magnification feature (44), and
the one or more controller-circuits (32) increases a
magnification of the image (18) thereby increasing
the range-of-detection (38).

A method (300) of adjusting a camera, the method
(300) comprising:

rendering (302) an image (18), with a camera
(16), of lane-markings (20) of a roadway (22)
traveled by a host-vehicle (12);

detecting (304) relative-movement (30) of the
host-vehicle (12) with an inertial-measurement-
unit (28); and

determining (306), with one or more controller-
circuits (32) in communication with the camera
(16), an actuator (26), and the inertial-measure-
ment-unit (28), whether a range-of-detection
(38) of the lane-markings (20) in the image (18)
is less than a detection-threshold (40); and

in accordance with the determination (308) that
the range-of-detection (38) is less than the de-
tection-threshold (40);

adjusting (310) the aim-direction (14) with the
actuator (26) based on the relative-movement
(30).

The method (300) in accordance with claim 6, further
including the step of recalibrating camera-settings
(42) based on the aim-direction (14) with the one or
more controller-circuits (32).

The method (300) in accordance with any one of
claims 6-7, further including the step of adjusting the
aim-direction (14), with the one or more controller-
circuits (32), until the range-of-detection (38) is
greater than the detection-threshold (40).
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